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摘要 
钢材具有强度高、成本低和加工性能良好等优点，是工业领域的重要原材料。但是，
其不可避免会出现各种各样的缺陷，如裂纹、腐蚀坑和变形等，这些缺陷将给工程带来
安全隐患，因此需要无损检测技术作为其最后一道保障措施，及时探测缺陷。对于大型
的钢构件而言，如大面积平面钢板和长距离管道，漏磁检测技术是应用最广的无损检测
手段，因为其操作简单，检测可靠性高，并且易于实现自动化，检测效率高。 
本文针对漏磁检测长期存在的信号噪声问题，分析了噪声的特性和产生原因，将漏
磁信号噪声分为背景噪声、扩散噪声和振动噪声，并提出以漏磁场强度的空间变化率作
为检测指标的新检测方法。通过磁荷模型建立漏磁场空间变化率模型，从理论上论证了
该方法的可行性和抑噪机理；然后利用有限元仿真模拟新方法的缺陷检测过程，依据仿
真数据对上述论证结果进行验证；最后利用该方法在平面钢板漏磁检测实验平台上进行
实际的缺陷检测，检测结果与仿真结果具有良好的一致性，再次验证了该方法的可行性。 
再针对管道漏磁检测中的轴向裂纹检测灵敏度不足这一现象，提出了一种利用交变
电流检测原理进行技术补充的检测方案，使检测器激发出沿着管壁呈环形分布的涡流，
增强对轴向裂纹的探测能力；然后依据该方案对传统管道检测器结构进行改进，使之能
够同时进行漏磁检测和交变电流检测；再通过一系列实验确定改进后的管道检测器的最
佳工作参数，并对管道检测轴向和周向裂纹进行实测；最后对所得的复合信号的进行分
析和成像，结果显示改进后的检测器的能够灵敏探测到由周向裂纹引起的静态漏磁场变
化，以及由轴向裂纹引起的交变磁场变化，对轴向和周向的裂纹都具有良好检测效果。 
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Abstract 
Steel is the one of the major materials widely used in most of the industry fields for its 
high strength, low cost and good processability. However, there inevitably appear some 
corrosion pits, cracks or grooves in the steel structure, which would lead to a potential 
engineering accident. Thus, the non-destructive testing, as the last line of the engineering 
safety, is required to detect various defects in different cases. For the case of large-scale of 
steel plate and long-distance pipeline, the defect detection technique shall own high efficiency, 
reliability, and automation, which prompts the MFL (Magnetic Flux Leakage) testing to be the 
main detection technique in this occasion. 
This thesis first focuses on the noise problem of the MFL signals, analyzing the noise 
sources and classifying the noise as background noise, distension noise and vibration noise. 
To address the noise issue, a new detection strategy by measuring the MFL change rate is 
proposed. The strategy is demonstrated by the MFL change rate model established on the 
basis of magnetic charge theory. Then through a series of simulations on the detection process, 
the deduction results of the model are verified, including the detection feasibility and the 
noise suppression. Finally, the practical detection is carried on and the results agree well with 
the simulation data, manifesting the feasibility and advantage of the new detection strategy. 
Then the thesis concentrates on the low defection sensitivity of the axial crack in the 
steel pipe. Based on the ACFM (Alternating Current Field Measurement) principle, the 
traditional PIG (Pipeline Inspection Gauge) is modified to induce an extra eddy current 
flowing around the pipe wall, enhancing the axial crack detection ability. The optimal 
parameters of the new PIG are determined by a set of tests before crack detection experiment. 
By analyzing and imaging the composite detection signal, it is found that the static MFL field 
and the secondary induced magnetic field are significantly impacted by the circumferential 
crack and the axial crack respectively. This well verifies the modified detection method and 
shows good performance of the new PIG. 
 
Keywords: Magnetic flux leakage; change rate; alternating current field measurement 
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